ABSTRACT Wireless sensor networks (WSNs) are being applied widely for data collection, especially to carry out the mission-critical tasks. Therefore, one of the most challenging tasks of mission-critical sensors and sensor networks is the development of energy efficient (EE) routing protocols. Comparing with flat routing protocols, more EE can be achieved in hierarchical routing protocols. In this paper, we propose an enhanced balanced energy efficient network-integrated super-heterogeneous (E-BEENISH) routing protocol, by analyzing communication energy consumption of the clusters and a large range of energy levels in heterogeneous WSNs. E-BEENISH is based on weighted election probabilities of each node to become a cluster head according to the remaining energy and the distance from the sink to the node. Moreover, we also study the impact of the heterogeneity of nodes in terms of energy. Studying the sensitivity of our stable election protocol, we conclude heterogeneity parameters capturing energy imbalance in the network and find that the E-BEENISH yields the longer stability region for the suitable weight of energy and distance. Our results show by simulation that the E-BEENISH can improve system lifetime by an order of magnitude compared to obtained using current clustering protocols, which is crucial for many applications.
I. INTRODUCTION
Mission Critical Sensors and Sensor Networks (MC-SSN) provide enormous connections of devices and sensors with different applications [1] . Wireless sensor networks (WSNs) are being used in wide areas of applications for data collection and processing to carry out the mission critical tasks, which is composed of a large number of small autonomous devices called nodes that are capable of sensing the information, processing the data and communicating with each other [2] , [3] . Owing to the large number of sensor nodes and the need for monitoring, data processing, and other activities, energy consumption is large in WSNs, in which the nodes are usually powered by batteries. Energy consumption in WSNs is of paramount importance, which is demonstrated by the large number of algorithms, techniques, and protocols that have been developed to save energy and to extend a lifetime. WSNs are deployed mostly to detect or measure environmental
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conditions, such as environment or habitat monitoring, home automation, traffic control, etc. [4] - [7] . Therefore, WSNs are of great interest regarding their benefits in various domains of daily life. Owing to the sporadic detection of events by sensor nodes, it is not necessary for all units to work in a normal state, because the nodes of sensors have limited energy-resource availability [8] - [12] .
Two types of environments are defined as homogeneous and heterogeneous in WSNs [13] , [14] . Recently, several heterogeneous routing protocols, low-energy adaptive clustering and energy management have become available [15] - [17] . The stable election protocol (SEP) is the selection probability that the cluster head (CH) is based on the residual energy in each node, which is used to prolong the time interval before the death of the first node [18] . Qing et al. [19] has proposed and evaluated a heterogeneous energy-efficient (EE) clustering scheme distributed for one heterogeneous WSN, referred to as distributed energy efficient clustering (DEEC). The difference between DEEC scheme and SEP is that the CH is selected by the probability of the ratio of the residual energy to the average energy of the network. The time to become the CH depends on the initial energy and residual energy of the node. Saini and Sharma [20] proposed enhanced DEEC (E-DEEC) for three kinds of nodes that extends the lifetime and stability of the network in, which follows the DEEC philosophy and increases heterogeneity through adding another node called super node. In [21] , a centralized energy-efficient clustering (CEEC) routing protocol was proposed. The CEEC divides the network into three equal areas, in which nodes with the same energy are distributed in the same area. After analyzing the energy consumption of communication, the cluster and the wide range of energy levels in the heterogeneous WSNs led to proposal of the balanced energy-efficient network integration super heterogeneous (BEENISH) protocol [22] , in which it is assumed that the WSNs have four node levels, and that the CH is selected according to the residual energy level of a node.
The main contributions of this paper are the following:
• We formulate an algorithm that considers the distance from the node to the sink node to overcome the threshold setting of the BEENISH protocol, which is too simple. When the node far from the sink node acts as the CH, the problem of premature death of the node far away from the base station (BS) due to its energy consumption is exacerbated.
• We develop the choice of CHs considering the distance factor and the average energy of the entire network and the residual energy to support the lifecycle of the network to suppress the ping-pong effect.
• We introduce a normalized weighting constant to further improve the network lifecycle and better distribute the energy and the proportion of the distance in the threshold design. The rest of the paper is organized as follows. In Section II, we illustrate the system model. E-BEENISH routing protocol based on EE is proposed, and the properties of the proposed protocol are studied and practical implementation issues are discussed in Section III. Section IV provides simulation results and, finally, conclusions are drawn in Section V.
II. SYSTEM DESCRIPTION AND MODEL
Here, we introduce our main system modeling assumptions and discuss their suitability and relevance.
A. NETWORK MODEL
In this section, we present our network model and make some basic assumptions about such a model [23] . The network model used in this paper is a four-level heterogeneous network. Compared with traditional homogeneous WSNs, there are numerous different types of nodes in heterogeneous WSNs, which can better meet the practical application because of the heterogeneity and diversity. The heterogeneity is mainly reflected in the following:
(1) Heterogeneity of Computing This paper selects a four-level heterogeneous WSNs, deploys 50% of ordinary nodes, configures the same initial energy as the traditional homogeneous WSN, deploys 35% of advanced nodes, its energy is 2 times more than ordinary nodes, 12% of super nodes deploy 2.5 times more energy than ordinary nodes, deploys 3% of ultra-super nodes, and its energy is 3 times more than ordinary nodes. These high-energy nodes have more powerful microprocessors and more memory than ordinary nodes, which means that they have powerful computing resources and computing capabilities, and can provide complex data processing and long-term storage.
(2) Heterogeneity of Energy There are two main reasons for energy heterogeneity. The first one is that nodes in the network are equipped with different initial energies to undertake corresponding work, the other is that the network will cause unbalanced energy consumption of nodes during operation, which will also lead to different energy consumption of each node.
(3) Heterogeneity of Link Link heterogeneity means that nodes with higher energy have higher bandwidth and long-distance network transmitting and receiving than normal nodes. Link heterogeneity also can provide more reliable glong-distance data transmission and improve link quality.
We assume that the entire network is arranged with 100 sensor nodes, which can be placed in the area of N ×N = 100 × 100m 2 .
This research is based on three assumptions:
• All the nodes are distributed randomly and have four different initial energies.
• The battery of the sensor node cannot be repaired or charged.
• There is a BS node located at the center or edge of the sensing domain.
B. ENERGY MODEL
We use energy models and analyses similar to those presented in [24] , as shown in Fig. 2 . We adopt the free-space model and use the multipath fading model to avoid the excessive energy consumption caused by nodes. According to the energy-consumption model shown in Fig. 2 , we can obtain an acceptable signal-to-noise ratio (SNR) when transmitting a L − bit message over the distance d, the energy consumed is given by
where E elec is the energy used by the transmitter or receiver circuit per bit. If the distance is less than the threshold, the free-space (fs) model is used; otherwise, the multipath (mp) model is used [6] , [25] . Amplification factors ϕ fs and ϕ mp are defined in Equation (1) for the free-space (fs) model and the multipath (mp) model, respectively. d 0 is the line of sight, which can be written as
The energy consumed by the CH node, which is denoted by E CH , in one round is given as
At the same time, E NCH is non-cluster nodes consume an energy used in one round, which can be written as
Assuming that the nodes are randomly and evenly distributed, then
The energy consumed in each round of clusters can be derived by [26] as
The total energy consumed in the network can be expressed as
where n represents the number of network nodes, k is the number of CHs, E DA is the data aggregation cost in the CH, which is the processing (data aggregation) cost per signal bit. 
Then,
where N represents the side length of the WSNs area, and A is the area size of the WSNs. We find the derivative E round and let it count down to zero. We obtain the best CH number
The best probability that the node becomes the CH is p i , which can be calculated as
III. E-BEENISH ALGORITHM
In this section, we describe the proposed E-BEENISH algorithm.
A. HETEROGENEOUS PROTOCOL
The SEP protocol divides the WSNs into two layers, namely an advanced node and a normal node. The heterogeneous characteristic parameters (i.e., the fraction of the advanced node (m) and the additional energy factor (α) between the advanced node and the normal node) are used to improve the stable region of the heterogeneous hierarchical structure process. In order to extend the stable area, SEP attempts to balance energy consumption. Intuitively, the advanced node must become the CH more frequently than the normal node, which is equivalent to the fairness constraint of energy consumption. Assuming that p i is defined as the best probability that a node becomes the CH, and the new heterogeneous settings (both advanced and normal nodes) have no effect on the spatial density, the priori setting according to the equation for calculating p i does not change, but the total energy will change. Assuming that E org is the initial energy of the normal node, the energy of each advanced node E ad is defined as
Then, the total energy of the new heterogeneous setting is given by
where n is the number of nodes.
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In the initial phase, each node has a probability that it may become a burst CH. On average, the n * p i node must be the CH of each cluster for each period. Assuming that the nodes that are not selected belong to the set S, the probability that the node s i ∈ S becomes the CH increases after each round to maintain a stable number of CHs per round. At the beginning of each round, each node s i ∈ S makes a decision by independently selecting a random in the interval [0, 1] . If the random number is less than the threshold T n , then the node becomes the CH in the current round.
The threshold can be given by
where r is the number of rounds of the current cycle and S is the normal node set that does not become the CH in the last 1/p i round of the normal node. The DEEC protocol has a different time of becoming the CH than SEP according to the difference of the initial and residual energy of the node, so nodes with high initial and residual energy will have more opportunities as CHs than nodes with low energy.
The average energy of the DEEC protocol can be written as
where N is the number of nodes deployed, r the current round, and R is defined as the total number of rounds of the network lifecycle.
In the two-layer heterogeneity of the SEP, let p i be the optimal probability that the node becomes the CH, and give the weighted probability of the normal and the advanced nodes in DECC protocol, respectively [20] , [21] .
Therefore, the optimal probability that the node becomes the CH of the DECC protocol is corrected to
Thus, we can obtain the different thresholds T (n). The E-DEEC protocol adds super-nodes to increase heterogeneity. We assume h is a part of the total number of nodes N , h 0 the percentage of the number of nodes with β times more than the energy of the normal node, called the super-node, and the number is N * h * h 0 . The remaining N * h * (1 − h 0 ) nodes are equipped with an energy that is α times larger than the normal node, called the advanced node, and N * (1 − h) is the normal node. The total initial energy of a tertiary heterogeneous network can be written as
The total initial energy also can be expressed as
According to the initial energy of the nodes, nodes are classified into normal nodes, advanced nodes and super nodes in a three-level heterogeneous network. Therefore, the reference values of p are also different for the three types of nodes, which can be written as
s i is normal node
s i is advanced node
where E ave1 is the average energy of the E-DEEC protocol when brings E 1 into Equation 16 . E i (r) is the remaining energy at round r. Combined with the threshold in (15), the threshold of the three-level heterogeneous network is obtained.
The CEEC protocol improves stability and network lifetime by dividing the area of the WSNs into three rectangular regions: the low energy region (LER), medium energy region (MER), and high energy region (HER). Supposing that the BS is at the top of the network, the normal nodes are evenly distributed in the nearest region of the LER, and the advanced nodes and the super-nodes are in the MER and HER regions, respectively. The BS performs central clustering in the network through a central control algorithm. This algorithm considers the four factors of CH selection, initial energy, residual energy, average energy and position. Each round is divided into network setup time (NST) and network transmission time (NTT). The CH is selected during NST and a plurality of clusters are formed. During NTT, sensing information from all nodes is transmitted to the BS with the help of the CH.
The average energy of the three kinds of nodes is calculated as
where E ave normal , E ave advance , and E ave super are the average energy of LER, MER, and HER, and r is the current number of rounds.
After calculating the average energy of each region, the BS compares the energy of each node with its corresponding regional average energy. The node having a higher or equal average energy (i.e., E i (r) ≥ E ave1 ) is selected by the BS as a pre-selected CH. The BS must select the desired CH ratio p for each type of node in each round. If the number of pre-selected CHs is greater than the desired ratio, the BS will select the Nodes alive * p CHs with the largest residual energy and minimum distance to the BS.
B. PROPOSED E-BEENISH PROTOCOL
The E-BEENISH routing protocol assumed that the WSNs have four energy levels, and the CH is selected according to the residual energy level of the node. In WSNs, a large number of energy levels are generated due to the random selection of channels. Therefore, quantifying more energy levels and defining different probabilities for each energy level will result in better performance and improve energy efficiency.
For the first time, a four-level heterogeneous network concept with normal nodes, advanced nodes, super-nodes, and ultra-super nodes is used. The probability of the four-level nodes can be driven as
The proposed E-BEENISH algorithm operation is divided into three different stages.
(1) Broadcast The node selected as the cluster head of the current round will broadcast messages to the remaining nodes. For this stage, the cluster head uses the Carrier Sense Multiple Access (CSMA) MAC protocol [27] . The principle of Carrier Sense Multiple Access/Collision Detection (CSMA/CD) which be applied in the second OSI (Open System Interconnection) layer, is to listen for whether the channel is idle before sending data, and to send data immediately if it is idle. If the channel is busy, CH will wait for a period of time until the end of information transmission. It is determined as a conflict when two or more nodes have made transmission requests at the same time after the transmission of the previous information is finished. If a conflict is detected, it will immediately stop sending data, wait for a random period of time, and then try again. After this phase is completed, each non-cluster head node determines which cluster it will belong to in this round. The decision is based on the received signal strength of the broadcast.
(2) Set-up Cluster After each node decides which cluster it belongs to, it must notify the cluster head that it will become a member node of the cluster. Each node uses CSMA MAC protocol to send this information back to the cluster head again. At this stage, all cluster head nodes must keep their receivers on.
(3) Data Transmission Once a cluster is created and TDMA (Time Division Multiple Access) scheduling is fixed, data transmission can be performed. Assuming that nodes always have data to send, they will send the data to the cluster head within the allocated transmission time slot. The transmission uses the least amount of energy (the radio of each non-cluster head node can be turned off until the node allocates the transmission time, thus minimizing the energy consumption of these nodes). The cluster head node must keep its receiver on to receive all data from the nodes in the cluster set.
Each round begins in the set-up phase, when the cluster is established, followed by the steady state-phase, at which point the data are transmitted to the BS. Then, the threshold of a four-layer heterogeneous wireless network can be expressed as
To minimize overhead, the steady-state phase is longer compared to the setup-phase. Initially, when creating a cluster, each node decides whether it will be the CH of the current round. This decision is based on the current network CH percentage (priori determination) and the number of CHs up to the node so far. The decision is made by the node s i through selecting a random number between 0 and 1.
If the random number is less than the threshold T (s i ), then the node becomes the CH of the current round. However, if the threshold equation is modified only by considering the residual energy, there is a disadvantage that the network will incur a delay after a certain number of rounds, although there is still enough energy for the node to transmit data to the sink node. This is because the CH threshold is too low and the energy levels of other nodes are also very low. Therefore, we not only consider the remaining energy, but also the location.
Rationally weight the two through assigning a weight value.
where γ and θ are analyzed with the Analytic Hierarchy Process (AHP) [28] , which refers to the decomposition of the elements that are always relevant to the decision into the target, criterion, scheme and other levels.
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The CH selection hierarchy diagram of the proposed E-BEENISH algorithm based on AHP is shown in Fig. 3.   FIGURE 3 . CH selection hierarchy of proposed E-BEENISH algorithm.
When determining the weight between various factors at various levels, it is often not easy to be accepted by others if it is only a qualitative result. Therefore, the consistent matrix method is put forward. All factors are not compared together, but two are compared with each other. Relative scale is adopted in comparison to minimize the difficulty of comparing different factors in nature and improve accuracy.
Assuming that the weight vectors of the m evaluation units are known as ω = (ω 1 , ω 2 , · · · ω m ) T in advance, when comparing the importance of P i and P j , P ij = ω i ω j is a twoto-two comparison judgment matrix, which can be written as
Formed by an accurate ratio, which is a completely accurate judgment matrix. The judgment matrix constructed according to P. The relative scale is used in the comparison to reduce the difficulty of comparing different factors with each other as much as possible and improve the accuracy. Assuming that the factor C h in the C layer is related to the factors P 1 , P 2 , P 3 ...P m in the next layer of P, the constructed judgment matrix is shown in Table 1 . Table 1 refers to the numerical representation of the relative importance of P i , P j for P ij . P ij is the numerical representation of the relative importance of P i , P j . The value of P ij usually takes 1,3,5,7,9 and their reciprocal. While 2,4,6,8 indicates that the influence of the i − th factor on the j − th factor is between the above two adjacent levels.
According to psychological research, most discrimination on the same attribute of different things is between levels, and the scale adopted reflects the judgment ability of the most people. A large number of social studies show that the proportional scale is familiar and adopted by people. Scientific investigation and practice have shown that the proportion can completely distinguish various attributes of things that cause people to feel different. The scale is shown in Table 2 . The judgment matrix is constructed. According to Table 1 , the diagonals of the judgment matrix are all one. This paper is mainly to build a four-level heterogeneous wireless sensor network with four energy levels, so when using AHP to determine the weight, the author qualitatively judges that the influence of energy on distance is between the relatively strong and the strongest. Then P ij = 8 according to Table 2 . In this way, the qualitative judgment of the decision maker is converted into quantitative representation, which is one of the characteristics of AHP. Therefore, the construction judgment matrix of E-BEENISH algorithm is written as
The maximum eigenvalue and the vector of the corresponding feature are solved, that is, the judgment matrix T is used to calculate the feature roots and the feature vector, which can be written as
where λ max is the maximum eigenvalue and ω is the corresponding normalized feature vector. The component ω i corresponding is the weight of the corresponding element single ranking. Hierarchical single ranking refers to the ranking of the importance of each factor at this level for some factors at the previous level. Then calculate the maximum characteristic root of the judgment matrix and the corresponding characteristic vector.
Normalizing each column of the matrix
Then the matrix normalized by columns is summed by row
Vector ω i is normalized as
Calculating maximum characteristic root can be expressed as
More, consistency index (CI) can be calculated as
The larger the CI, the more serious the inconsistency of the matrix. When CI = 0, the matrix is consistent. In order to test whether the judgment matrix has satisfactory consistency, the CI is compared with Random Consistency Index (RCI). RCI constructs a sample matrix by random methods, extracts numbers from one to nine and their reciprocal to form a random positive and negative matrix, and obtains the average value λ max of the largest characteristic roots.
Values RCI corresponding to different m are shown in Table 3 .
TABLE 3. Random consistency index (RCI).
Recalculate the ratio of the consistency to determine the range of inconsistency, which is defined as
Inconsistency is the allowable range, when CR < 0.1, the degree of inconsistency is within the allowable range. The eigenvector is used as the weight vector, and then, we can obtain the maximum eigenvalue of T is 2, and CR = 0. Therefore, we can deduce matrix T has the consistency. Weight coefficient can be written as
The weights ω 1 = 0.11, ω 2 = 0.89. Since m = 2 in this paper, the thresholds improved by algorithm can be written as
where S, S , S and S are the sets that are not CHs in the last 1/p i round of the normal node sets, advanced node sets, super-node sets, and ultra-super node sets, respectively [29] , [30] . d is the average distance from different nodes to the sink node, which can be the computed as
where d toBS is the distance from any node to the sink node, which can be calculated as
where S n (i) represents the position of normal node, and S n (i + 1) represents the position of sink node. Therefore, the energy consumed by the CH, denoted E CH , is given as
Becoming the current round, the CH will broadcast an advertisement message to the other nodes. For this phase, the CH uses the CSMA MAC protocol [31] , and all CHs use the same transmitted energy. Non-cluster nodes have to keep their receivers turned on during this set-up phase to hear broadcast information from all CH nodes. When this phase is completed, each non-CH node decides which cluster it will belong to in the round, and the decision being based on the received signal strength of the broadcast. After deciding, the node must be notified that the CH will become a member node of the cluster. Using the CSMA MAC protocol, each node sends this information back to the CH again.
At this stage, all CHs must keep their receivers turned on. Once the cluster is created and the TDMA schedule fixed, data transfer can begin [32] . Assuming that the node always has data to send, it will send the data to the CH within the allocated transmission slot. Each non-CH node can be turned off until the node allocates the transmission time to minimize the energy consumption of nodes. The CH receiver remains turn on to receive all data from the nodes in the cluster set. The algorithm is shown in Fig. 4 . According to the four-layer heterogeneous algorithm, which takes into account the distance, residual energy, and weight, the CH is selected by comparing the distance between a node and the initial energy of the node. Nodes which are closer to the sink node and have higher initial and residual energy will be selected as CHs. According to the following simulation, the proposed algorithm has better reliability than other heterogeneous algorithms.
IV. SIMULATION RESULTS
In order to evaluate the performance of our proposed algorithms and the existing schemes, we now present some numerical results. We consider 100 m × 100 m WSNs, with a BS node deployment scenario at the center for four-level heterogeneous WSNs, as shown in Fig. 5 . In this simulation, 35% of advanced nodes are deployed, which is two times more energy than ordinary nodes; 12% of super-nodes deploy two point five times more energy than ordinary nodes; 3% of ultra-super nodes are deployed, and their energy ratio is three times more than ordinary nodes (m = 0.35, m 0 = 0.12, m 1 = 0.03, a = 2.0, b = 2.5, c = 3.0). The network model is shown in Fig. 4 , where ''o'' represents a normal node, ''+'' denotes a high-level node, ''$'' represents a super-node, '' '' denotes ultra-super node, and a red '' * '' is a BS node.
We first initialize the parameters of the protocol [33] , the parameter values have always been critical to better performance. The key parameters are given in Table 4 .
The main challenge of WSNs is energy conservation, because the life of WSNs depends on the number of alive nodes. Unreasonable energy consumption will lead to premature death of nodes in the network, reduce residual energy and shorten the life of the network. Therefore, the less energy is consumed, the more alive nodes remain, the longer the life of WSNs.
The proposed E-BEENISH algorithm compares the lifecycle with the SEP, CEEC, and E-DEEC mentioned above under the same simulation parameter settings. The results are shown in Fig. 6 . The SEP protocol does not provide any network deployment planning, so nodes with extra energy (it will become pre-nodes of cluster heads more frequently) are not evenly distributed throughout the network and are prone to ping-pong effect. It is obvious that SEP protocol has good performance in the initial stage, but performance gradually decreases with the increase of rounds. Compared with SEP, E-DEEC, CEEC and E-BEENISH, the network life has increased by about 60%, 40% and 15% respectively.
The proposed E-BEENISH algorithm is compared with threshold considering distance and residual energy (DSE-BEENISH), threshold considering distance (DS-BEENISH), and BEENISH for lifecycle, residual energy, throughput, and other system performance. Fig. 7 shows the lifecycle of the WSNs. The simulation shows that E-BEENISH improves the network lifecycle by approximately 20%, 25% and 30%, respectively, compared to DSE-BEENISH, DS-BEENISH and BEENISH. This is because the E-BEENISH algorithm not only considers the distance of the sink node or BS and the persistent energy of the nodes used for CH elections, but also measures the importance of distance and energy to system performance, giving different weighting factors.
Compared with BEENISH algorithm, although this paper improves the lifetime of WSNs, it also increases the time complexity by O γ
, where γ and θ are weighting coefficients calculated by analytic hierarchy process, respectively γ = 0.11, θ = 0.89. d is the average distance from all nodes to the sink node, d toSINK represents the maximum distance between the farthest node and the sink node, E residual is the residual energy of the node, and E o is the initial energy of the node. This kind of duty cycling schemes need more control packets. In the case of synchronous mechanism, more control packets are needed to synchronize the clock of each node. In the case of asynchronous mechanism, retransmitting packets are needed. Fig.8 compares all routing protocols to calculate the data throughput of packets to the BS, indicating that the E-BEENISH protocol is very efficient in terms of successful data transmission.
At the same time, Fig. 9 shows the number of CHs selected by each algorithm for each round. We can see from this figure that only E-BEENISH continues to provide the required number of CHs, while DSE-BEENISH, DS-BEENISH, and BEENISH cannot provide a guaranteed number of CHs per round. BEENISH and DS-BEENISH are more uncertain in each round of CH selection, which seriously affects the number of packets received by the BS from the CH. Therefore, it can be seen that E-BEENISH guarantees a stable CH number and improves throughput during the entire network operation, and that E-BEENISH has the largest throughput and network lifetime. Fig. 10 shows the data message capacity sent by the nodes in the cluster to the CH. The CH received fewer packets with the E-BEENISH algorithm but completed better work than other algorithms under the same conditions, through saving energy and ensuring complete information transmission. Fig. 11 shows the total residual energy of the network in each round (the sum of the residual energy of all nodes). From these simulations, it can be seen that the total residual energy of E-BEENISH is also higher than other protocols. This is because the node, which with more residual energy and closer to the BS, has a higher probability of becoming a CH, and the weighted probability is more biased to the ratio of the residual energy to the global average energy, which is an advantage of the proposed algorithm.
In addition, different weighting factors have a great influence on system performance, which cannot be arbitrarily selected. We compared the performance of the system with different weighting coefficients. It can be seen from the Sometimes, the BS can be established outside the sensor network area [34] , so we must consider the model shown in Fig. 13 . Therefore, these protocols are analyzed at the level of the network lifecycle, considering the BS is placed at the edge of the area.
It also can be seen from the Fig. 14 that the proposed E-BEENISH protocol with distance weighting still has a good lifecycle under this model. This is because the proposed algorithm can change with the weighting coefficient for the distance change of the BS, which is another advantage of the algorithm.
V. CONCLUSIONS
In this paper, we proposed E-BEENISH that uses single-hop communication for four-level heterogeneous WSNs, improving the lifecycle of the WSNs, the number of stable regions and throughput, through an improved new threshold algorithm. Moreover, in order to make full use of the network energy, the ratio of the remaining energy to the global average energy and the ratio of the distance from the member node to the BS and the CH to the BS are weighted as a scheme for selecting the CH. The numerical results validate that the algorithm outperforms existing algorithms in terms of load balancing, EE, and network lifecycle. Furthermore, the lifecycle is further increased by carefully choosing the parameters for the proposed protocol. Finally, further analysis of the performance is made and we can obtain E-BEENISH has better adaptability, deploying the BS node in the different scenarios.
Furthermore, although the proposed algorithm improves the lifetime of heterogeneous WSNs, it also increases the complexity of the algorithm. Meanwhile, the algorithm does not take into consideration the network delay and jitter caused by the delay in the data transmission process. As future work, it can further extend for the lower complexity algorithm. Also, other directions of this work could be to consider the influence of delay.
